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SESSION IIB: ELECTROMAGXETIC SCAITERIKG 
IIB-6 SCATTERIKG BY A m m m c r I o w a  CONBUCTING SPERE 
JESPER HAKSEN 
Technical University of Denmark 
problem involving unidirect ional ly  conduct ing surfaces  have been made 
Theoretical  and experimental  investigations of electromagnetic 
by severa l  au thors  ( l )  - (lo). In  this   paper  we consider   the  scat ter ing 
of a plane electromagnetic ;.Jave by a spher ica l  sur face  of rad ius  a which 
has  inf in i te  conduct iv i ty  in  a l i r e c t i o n  making a constant angle v with 
t h e  c i r c l e s  of l a t i t u d e  and zero conductivity in the perpendicular direc- 
t ion. 
Figure 1 shows the sphere together with rectangular and spher ica l  
coordinate  systems.  Further, we introduce a concentric  second  sphere 
(not  shorn in  the f igure)  of rad ius  b (b-) and of in f in i te  conduct iv i ty ,  
and assuqe the media surrounding the two spheres to be homogeneous with 
the  propagation  constants k,  (r>a) and k, (a>r>b). The incoming  plane 
wave propagates  in  a d i rec t ion  in  the  zx-p lane  which makes an angle u 
with the z-axis .  The polar iza t ion  of the  wave i s  e i t h e r  p a r a l l e l  t o  t h e  
y-axis as shown in  f igu re  1 or para l le l  to  the  zx-p lane .  
The diffraction probler! thus formulated i s  solved by the  method of 
separa t ion  of var iab les .  A s  a model for  the  ana lys i s  we take the 
homogeneous sphere  problem as formulated  in  Strattpn (11) The f i e l d s  i n  
t$ tEotregions r>a and O r > b  a r e  assumed t o  be E '+?, &s) and 
(E , H ), respec t ive ly ,  where the  superscr ip ts  i, r and t denote  the 
incident ,   ref lected and t ransmit ted  f ie lds .  These a r e  expanded i n  
su i t ab le  vec to r  sphe r i ca l  vave  fux t ions .  The unknown c o e f f i c i e n t s  i n  
the expansions for  the ref lected and t ransmit ted f ie lds  are  determined by 
the  boundary cond i t ions  a t  t he  two spherical  surfaces .  A t  the  unid i rec-  
t ional ly  conduct ing surface the boundary conditions are the following. 
The t a n g e n t i a l  e l e c t r i c  f i e l d  component p a r a l l e l  t o  t h e  s p i r a l  wires s h a l l  
be equal to zero on bo th  s ides ;  t he  t angen t i a l  e l ec t r i c  f i e ld  component 
perpendicular  to  the wires and the  tangent ia l  magnet ic  f ie ld  para l le l  to  
the wires shall  be continuous.  It i s  e a s i l y  deduced  from these conditions,  
t h a t  at r a the  following  equations must  be s a t i s f i e d :  
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(5) E: 0, 
(6) Et 0.  @ 
(r = b) 
The  conditions (l), (2), (5 )  and (6) are  the  boundary  conditions  for 
scattering  problems  involving  homogeneous  dielectric  and  conducting  spheres. 
Hence,  certain  relations  between  the unknown coefficients  from  such  problems 
can  be  used  here.  From  these  results  and  the  two  remaining  boundary  condi- 
tions (3) and (4) we  are led  to  infinite  systems  of  linear  equations  for  the 
unknown  coefficients.  These  may  then  be  solved  numerically  by  cutting  out 
and  inverting  a  finite  submatrix  of  the  infinite  matrix. 
This  is  done  in  the  simple  case  illustrated  in  figure 1 whe  both me- 
dia  surrounding  the  spheres  are  identical .e. kl= k, = k. The  radius  of 
parallel  to  the  y-axis.  When  the  wire  angle  v  is  equal  to  zero,  which 
the  inner  sphere  is  equal  to  zero  and  the  incoming  plane  wave  is  polarized 
means  that  the  conducting  wires  coincide  with  the  circles  of  latitude on 
the  sphere,  the  numerical  method  mentioned  seems  to  be  convergent  only  for 
kaa. For  this  value  of  v  and  for ka = 0.5 scattering  diagrams  for  the 
angle  of  incidence  equal  to 0, 45 and 90 degrees  are  given  in  figures 3, 
4 and 5, respectively.  For  comparison  the  scattering  diagram  for  a 
homogeneous,  infinitely  conducting  sphere  of  the  same  size  is  given  in 
figure 2. 
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Fig.1. Unidirectionally conduc- 
ting sphere and incident 
y-polarized plane wave. 
0 
Fig.2. 6rel= 6/-Tfa2 for 
infinitely conducting 
sphere. (a) E-plane 
diagram. (b) H-plane 
diagram. 
Fig.4. 6rel=6/fla2 for a  uni- 
directionally conducting 
sphere. 
(a) E-plane diagram. 
(b) H-plane diagram. 
Fig.3. 6rel=6/lla2  for  a  uni- 
directionally conducting 
sphere. 
(a) E-plane diagram. 
(b) [-plane diagram. 
F i g 5  brei= 6/fla2 for a  uni- 
directionally conducting 
sphere. 
(a) E-plane diagram. 
(b) %plane diagram. 
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